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PREFACE

This is the final report of a 15-month study of the reliability of
bean lead sealed junction devices. This study was conducted by the
Technical Services Group 0ffice of Hughes' Ground Systems Grovp, Fullerton,
California, under Cortract F30607-73-C-0204.

The study was conducted under the direction of J.J. Mazenko of the
Technical Support Laboratory. This laboratory consists of several inrer-
related technology departments including Microelectronics, and Com-
ponents and Materials. The Microelectronics Department was responsible
for the overall management of the study and for the fabrication and
assembly of the test modules. Electrical testing, screening, failure
analysis and module encapsulation were supported by the Components and
Materials Department. The detailed thermal mapping analysis was performed
by the Environmental Engineering Department. Data Analysis was per-—
formed by the Systems Effectiveness Department of the Ground Systems

Group.

This technical report has been reviewed and approved for publication.
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EVALUATION MEMORANDUM

Reliability Study of Beam Lead Sealed Junction Devices

the intent of this program was the generation of reliability information on
beam lead sealed junction (BLSJ) devices applicable to their use for military
electronic systems. This involved both device limitations and screening/
-qualification test requirements.

The major study conclusions point out limitations in the test devices in
several areas. There were some problems associated with manufacturing defects,
such as cracked silicon nitride layers, gold plating defects and possibly junction
shorts arising from defective barrier layers and subsequent gold-silicon inter-
action. There were also fundamental materials problems such as gold deplating
in moist environments and surface instabilities of linear devices.

Whereas some of these problems can be eliminated by improved process controls,
visual inspection techniques and electrical qualification and screening tests,
there are still questions concerning the type of chip protection necessary for
reliable cperation which are unanswered. We are presently studying polymer chip
coating layers on contract F30602-74-C-0161 with Westinghouse Research Laboratories.
Information from this study will be integrated with information from other industry
and government sources to determine proper design guidelines and reliability test
procedures.

The results of the Hughes effort has been discussed with a variety of
government and industry sources. Our conclusion based on all information is
that beam lead devices have not a demonstrated reliability advantage over chip
and wire metallized devices at this time. While isolated examples can be found
for successful application of this technology, its broad usage for military
electronic systems still requires cautious study.

L e LA
v N Dl

JOHW 2. BART
Reliability Physics Section
Reliability Branch
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Section 1 — Introduction and Summary

1. REVIEW OF PROGRAM CONDUCT AND MAJOR RESULTS

|
!
l

Beam lead integrated circuits from major suppliers were subjected to operational

: and non-operational screening tests to validate the claims for improved reliability,
higher yields, and net cost reductions. The overriding conclusion resulting from the
study was that beam lead devices, unless properly screened and packaged, do not sat-
isfy these claims.

Background —In 1972, more and more military contracts were committing
to the use of beam lead devices based on the promise of increased reliability and
decreased costs. The improved reliability promise was basically a function of
eliminating or reducing failures attendant with standard semiconductor chips,such
as wire bond failures, ionic contamination, and intercommect corrosion. Through
the use of sealed junction beam lead devices, the metallurgy was reportedly less
prone to migration or corrosion, the junctions were sealed with silicon nitride
which is impervious to sodium fon contamination, and since the beams were inte-
gral with the device they would eliminate wire bond failures. The beam lead de-
vices reportedly would effect a cost reduction in the hybrids in which they were
used (even though the cost of beam lead devices were significantly higher than that
of a similar chip device) because of reduced assembly times where with the beam
lead device bonding could be accomplished in a fraction of that of chip and wire
bonding. i

Further 2ost reductions at the hybrid level were anticipated because beam
lead devices reportedly could be completely AC tested prior to committing it to
hybrid assembly, whereas a bare chip device would be AC tested on a sample
basis only. The totally AC-tested beam lead device would increase hybrid
yields, reduce rework, and effect a hybrid cost reduction. A further reported
advantage was that heam lead devices would operate reliably in non-hermetic
packages simply by coating them with a polymer. Thus, elimination of the need
for hermetic hybrid packages would also add another significant cost reduction.

Review of Objectives — In 1972, when the study was initiated, actual beam
lead reiiability and use data was very sparse. Beam lead device reliability pre-
dictions were based on experimental results from selected devices, (primarily
transistors) fabricated with well controlled laboratory processes. Additionally
beam lead manufacturers' reliability data sheets were sparse and here also the
data available was primarily based only on transistors. There was, as now, no
uniform screening standards for beam lead devices.

It was thus necessary for the military to truly assess the capabilities and :
limitations of beam lead devices. Here, the devices to be studied would be Beam
Lead Integrated Circuits which would be purchased from the major beam lead ’
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suppliers. These devices would be representative of the product available to all
military users.,

They would be put through a series of operational and non-operational
screening tests in both hermetic and non-hermetic packages. The devices would
be both of the digital and the linear class, with each class containing both simple
and complex devices. From these screens and stress tests, the device yields ;
and failure modes as a function of device manufacturer, class, complexity, {
package (hermetic and non-hermetic) and polymer coating (conformally coated or !
molded) would be assessed. From these data, recommendations would be made




for beam lead device screening procedures prior to their use in hybrids for mili-
tary systems.

Scope of the Study — The study consisted of two Investigations — beam lead
reliability analysis and evaluation of the beam bonding integrity — involving 4241
purchased beam lead devices. Initially, 360 of the devices were used to establish
the device characteristics. The principal study effort was devoted to determining
the device's reliability. Of the 3681 devices required for this effort, 225 were
needed for process set-up samples, and 3456 devices were packaged, screened,
and tested under a full factorial experimental design with 16 device samples/cell.
The resulting study data is therefore significant to a 70% confidence level, This
effort represents over 2.5 million device-hours of accumulated tests.

The secondary study, Involving 200 devices, was the replacement/rework
study. This effort was conducted to determine the reliability of modules sub-
jected to reiterative device replacement and rework,

A review of the results of these efforts is given on the following page.

Peculiar Study Problems — Some of the problems encountered during the
study occurred at the program start. Here neither the prime off-the-shelf beam
lead IC's proposed, nor their proposed alternates, were available. Thus, the
original device matrix had to be reconfigured to accommodate device availability.

No standardization was found from vendor to vendor on the same device
type, thus substrate layouts had to be designed and fabricated for each device pur-
chased instead of merely for each device type.

Variations in beam hardness and beams/device required that wobble
bonder settings be optimized for each device type.

Establishing the Stress Test Levels — During the proposal phase of the
contract, one of the major concerns was that, due to the reportedly low beam
lead device fatlure rates (0.005%/1000 hours), it would require acceleration
factors of 10° to provide 8 failures from each cell of 16 devices for fail-
ure analysis. The screens selected were either pulled from or adapted from
MIL-STD-883 to be represcntative of those screens which could be used for
hybrid screening. Str-ss levels were set to provide a minimum of 1 to 2 devices
per cell, but even then there was grave concern that sufficient failures would be

generated to provide meaningful yleld and failure mode data. However, these
fears proved groundless, for as the devices went through the first screen/stress
tests the incidence of failure was so high that we immediately oegan to question
the validity of the device assembly and test procedures.

Verifying the Test Results — A failure verification test to verify rejects
from the automated test equipment was implemented. This test, which was not
part of the original proposal, was done on a bench set-up by an engineer. Any
rejects which were possibly caused by assembly or test abnormalities were noted
and deleted from further tests. These assembly-and-test-created rejects proved
to be insignificant. The beam lead reject rates from the screens/stress tests
were truly high. Personal communication between key members of the study
team and other people both within and outside the company found that they also
had the same problem and same reaction when using beam lead devices.




REVIEW OF STUDY CONCLUSIONS

Reliability Study Conclusions:
e At present, beam lead devices are not cost effective.

® Beam lead devices, even when ploymer coated, may not operate reliably
in nonhermetic environments.

Improperly processed or inadequately screened beam lead devices fail
more readily than standard semiconductor devices.

Beam lead devices have opened up as many new failure modes as they
have eliminated.

There is no standardization among manufacturer in device processing,
device configuration, or device screening.

There are significant measurable differences in the beam lead device
material (silicon nitride, platinum, etc.) layers as processed by the
differeint manufacturers.

e Linear devices fail at a much higher rate than digital devices.

e Reliability and failure rate data currently quoted for beam lead devices
must be re-evaluated,

Bond Integrity Study Conclusions:

e Devices can be replaced at a given dice site up to 10 times (limit of
this experiment) with no loss in device mechanical strength, yield, or

reliability.

e Rework of individual beams should be done by rebonding each loose beam
individually rather than rewobble bonding the entire device.
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Section 2 — Beam Lead Reliability Study

1. APPROACH TO THE EXPERIMENTAL DESIGN

The test was a full factorial design and was selected to provide broad ccverage of the
beam lead reliability packaging and screening requiremcuts posed for the study. Also,
the test design was configured to contain enough samples (3456) for each combination
of variables to provide definitive packaging and screening recommedations.

Both the matrix configuration and the cell sample size were chosen to
provide maximum data, with a high statistical confidence level.

The variables selected were device group (linear and digital), device
complexity (simple and complex), and device package (hermetic and non-hermetic).
The hermetic packages were filled with taree different atmospheres, and the
non-hermetic were of two types, molded and conformsal coated. The molded
packages were of two types (with and without mold release), and the conformal
coated devices utilized two different types of coatings. The test matrix is shown
in Table 1.

As is seen from Table 1, sixteen devicer per cell were used. (This trans-
lates into 3,456 devices being used for the screens and stress tests.)

Here, with a sample size of 16 devices per cell, the study data has a con-
fidence level of 70 percent, whereas, by comparison, if the cell size were de-
creased to 10 the confidence level would be less than 50 percent.

The variable of device manufacturer (vendor) was not entirely part of the
full factorial design. However, the effect of device manufacturer was easily
determined because the device selection was done to ensure that (1) one device

was available from all four manufacturers, and (2) one manufacturer supplied
both simple and complex linear and digital devices. (This is easily seen later in
Table 3, Matrix of Beam Lead Devices Actually Used.)




TABLE 1. EXPERIMENTAL TEST DESIGN

TEST CELL MATRIX FOR INDEPENDENT VARIABLES - EXCEPT MANUFACTURERS

Device Group

Analog Digital

Atmosphere
Package Inside Package Simple | Complex | Simple | Complex

Hermetic NZ 16 16 16 16

HZO Vapor 16 16 16 16

Salt/H20 16 16 16 16

Non-Hermetic Mold Release 16 16 16 16
(Plastic)
No Mold Release 16 16 16 16
Conformal Coating Type 1 16 16 16 16

Type 2| 16 16 16 16




Section 2 — Beam Lead Reliability Study
Subsection A — Device Selection and Characterization

1. SELECTION OF DEVICES FOR THE STUDY

Nine beam lead devices were originally selected on the basis of class (linear or
digital) and complexity to represent each of the four manufacturers under considera-
tion. Of these nine, only three were available for testing, and alternate devices
were procured as replacements.

The devices proposed for the program were selected from the catalogs of
the four major supplicrs of beam lead devices in late 1972. The device selection
was restricted to those manufacturers which used the Bell Laboratories
metallurgy because it was felt that this type of construction most probably would
provide a major share of devices to the military market in the forseeable future.

Selection Criteria — Two basic classes of devices were chosen: linear and
digital. A simple and a complex device was selected from within each category.
Table 2 opposite identifies the specific devices selected by category, complexity,
and manufacturer, coded W, X, Y and Z.

Devices were selected to ensure that at least one device would be available
from all four manufacturers and that all four devices would be available from at
least one manufacturer. This was to provide an evaluation of process variations
between manufacturers on the same device as well as process variations within
one manufacturing operation on four different devices.

Device Availability — As stated above, the devices proposed for the study
were representative of devices available in the marketplace in late 1972, As
shown in Table 2, nine devices were originally selected as prime candidates.
Even though "off-the-shelf"" availability was one criterion for selection of these
devices, it was recognized early that procurement could be a problem so alter-
nate devices were established as a precaution. Subsequently, only three of the
nine manufacturers' types originally specified were available when ordered, and
only in two instances were the first alternates available. When it was apparent
that the late deliveries of devices would severely impact the program, the device
matrix was reconfigured to utilize devices that the manufacturers recommended
as immediately available. The devices which vrere ultimately used for the study
are shown in Table 3. The best device delivery was 4 weeks while the worst
delivery was never established (the purchase order was cancelled after 40 weeks).




TABLE 2. BEAM LEAD DEVICES PROPOSED FOR EVALUATION
Vendor

Device Function e AN

Linear Group

Simple 741 Operational Amplifier
Complex 1596 Balanced Modulator-Demodulator
(Complex 710)* (Voltage Comparator)

Digital Group

Simple 5476 Dual J-K Flip Flop
(Simple 5400)* (Quad 2 Input Nand Gate)
Complex 5490 Decade Counter
(Complex 5493)* (4-Bit Binary Counter)

Approximate Product
Line Availability

Linear Devices
Digital Devices

Total

*Alternate Device

TABLE 3. MATRIX OF BEAM LEAD DEVICES ACTUALLY USED

Vendor

Device

Linear Group

Simple uA 741 X (RM 101 BLj
Complex MC 1596 - -
(Complex MC 710) (MC 710) -

Digital Group

Simple 5476 - - [5410]
(Simple 5400) (5400) - -

Complex 5490 - -
(Complex 5493) [ 5473 | [RF 100 BL) -

Legend

( ) — Alternate Device Originally Proposed
[ ] = Closest Available Alternate
X - Originally Proposed




Section 2 — Beam Lead Reliability Study
Subsection A — Device Selection and Characterization

2., CHARACTERIZING THE DEVICES ACCORDING TO ELECTRICAL PARAMETERS

g The first characterization task conducted on the purchased beam lead devices was to
; establish the key electrical parameters. This data was then used as the baseline to
i evaluate parameter drift in each of the device types after they had been subjected to
' all screening and stress tests.

i Of the almost 4000 devices purchased for the Beam Lead Reliability
portion of the study, 45 were sclected for detailed electrical test: 5 of each type
of the nine devices previously identified., The devices were selected randomly and
screened to detect shorts, opens, or other gross mechanical defects, Only devices
that were good were used to obtain electrical test data.

The purpose of the electrical test was threefold: (1) to check whether the
manufacturer was meeting his published specifications, (2) to determine the
"envelope' of the electrical characteristics, and (3) to make a baseline of data
for later comparison, i.e., after the devices had been through all the screening
and stress tests.

The purchased devices were first put on headers, categorized, and
assigned a device code number for identification during the study. Because of the 3
differences in configuration between manufacturers (and in some cases, between ‘
the same manufacturer's different production runs), the devices were charac-
3 terized by pin configuration. This is shown in Table 4. All electrical tests were
then conducted under conditions specified in each manufacturer's data sheet.
The definition of symbols for the test parameters is listed opposite. The actual
measured device parmaters, along with the specification limits for each param-
eter, are given for each of the nine devices in Tables 5 through 13. These initial
device parameters are later compared with the parameters measured on the
device survivors at the end of all the screen/stress tests.
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AvoL
IF
IIL
IIH
I1o
IPDH
IppDL
IR1
IR2
Isc
Vic
VIH
VIHH
VIL
Vio
Vo
VoL

Vswing(V0)

DEFINITIONS OF SYMBOLS

Open Loop voltage gain

Input forward current

Low level input current

High level input current

Input offset current

Power supply current drain with inputs in Logic "1'" state
Power supply current drain with inputs in Logic "0" state
Input reverse current with Viy applied

Input reverse current with Viyy applied

Logic '1" state source current with output shorted to ground
Maximum negative voltage at input continuous or pulsed
Logic "'1" state input voltage

Input breakdown voltage

Logic "'0" state input voltage

Input offset voltage

Output voltage high

Output voltage low

Output voltage swing




TABLE 4. TABLE OF DEVICE PIN CONFIGURATIONS

9
10
1

12

13

14

15
16
17
18
19
20
21
22

23
24 NC

*Beam Lead Pin numbers are labeled counterclockwise from Pin 1 except for SC149
which is labeled clockwise from Pin 1. All chips are mounted face down,

+lnput  non-inverting Input .
-lnput  Inverting Input NC: no connection to pin

16
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J-K FLIP FLOP (5473) FROM VENDOR W

TABLE 5. ELECTRICAL CHARACTERIZATION OF THE SC148 DUAL

Specifications Measured Value
Test Pin __ | Standard
Test Number | Parameter Spec. Value Under Test | Mean (X) | Deviation
1 Von >2.,4V 18 3.030 0,017
2 18 3.032 0.017
3 17 3.069 0.014
4 13 3.360 1.302
5 14 2.881 0.747
6 Vou 2,4V 13 3.361 1.302
(4 VOL <0.4V 17 0. 251 0.025
8 17 0. 256 0.013
9 18 0.286 0. 019
10 14 0.255 0,013
11 13 0. 345 0. 282
12 v <0.4V 14 0. 256 0.012
OL
13 IRI <80uA 1 -0.210pA 0.07¢
14 <40pA 19 0. 002 0.000
15 <40pA 3 0.008 0. 022
16 <80uA 5 -0.220 0.052
17 <40uA 7 0.013 0.030
18 IRI <40uA 15 0.003 0.001
19 I <-3.2mA 1 -0. 872 0.038
20 -1,6mA 19 -1.001 0,237
21 <-1,6mA 3 -1.318 0.314
22 <-3.2mA 5 -1.125 0.267
23 <-1,6mA 7 -1,162 0.467
24 IF <-1,6mA 15 -1,244 0. 429
25 IRI <80pA 2 0.012 0.003
26 Ip <-3.2mA 2 -1,381 0.034
27 ICC 40mA 4 28,939 2.330
28 IRI <80uA 6 0. 006 0.022
29 Ip <-3,2mA 6 -1,3178 0.079

17




TABLE 6. ELECTRICAL CHARACTERIZATION OF THE SC149 DUAL
J-K FLIP FLOP (RF 100) FROM VENDOR X

Specifications Measured Value

Test Pin __ | Standard
Test Number | Parameter Spec. Value Under Test | Mean (X) | Deviation

1 IiL <-1,33mA 3 -0.969 0.022
2 I <0.14 3 0.010 0. 004
3 VOH >3.0V 13 3.430 0.023

L <-1.33mA 5 -0.984 0.031
IIH <0.14 5 0.010 0.005
VoH >3.0V 9 3.433 0.025

L <-2.4mA 14 -1.501 0.048
TH <0.07mA 14 ' 0.000 0. 000
VOH >3.0V 13 | 3.365 0.013

L <-2,4mA -1.311 0.472
IH <0.07 0. 000 0.000
VOH >3,0V 3.376 0.011

HL <-1.33mA - -0.843 0. 061
IIH <0, 07 0. 005 0.002
VoH >3.0V 3.340 0.022

L <-1.33mA -0. 83 0. 059
IIH <0,07 0. 005 0.002

IL <-1.33mA -1.092 0.025
Icc <28 21.044 0.925

IIL <-1,33mA -1.112 0.031
I <0.07TmA 0.004 0. 002
Icc <28mA 21.225 0.933

VOL <0.4V 0.159 0.020

0.138 0.016
0.145 0.017
0.133 0.017
0.135 0.017
0.141 0.017




TABLE 7. ELECTRICAL CHARACTERISTICS OF THE SC150 QUAD 2
INPUT NAND GATE (5400) FROM VENDOR W

Specifications Measured Value

Test Pin __ | Standard
Test Number | Parameter Spec. Value Under Test Mean (X) | Deviation

\Y >2.4V 2.824 0.014
2,737 0.014
2,734 0,013
2,734 0,013
2,744 0,022
2,745 0.022
2,738 0.015

2,738 0.014

OH

Q0 =1 O QN W OB
€O Lo =3 =3 s o DD DO

-

0.308 0.411
0.214 0.011
0.212 0.012
0,221 0,013

-
[JORE I - )

-

0.003 0.001
0,004 0.004
0.004 0,001
0.004 0.001
0,003 0,001
0,004 0,002
0,003 0.001
0,003 0.001

-
DO b= €O 00 O QN =

-

0. 005 0.002
0,010 0,022
0. 005 0.002
0. 005 0.002
0.005 0,002
0,005 0.002
0.005 0,002
0. 005 0.001

DO = O 00 O QN =

-

<1l.0mA

<-1,6mA

[
NS

-1,221 0,069
-1,221 0,069
-1.238 0,067
-1,237 0.067
-1.223 0. 066
-1,223 0.066
-1.226 0.068
-1.226 0,068

DO = O QN

-




TABLE 7. ELECTRICAL CHARACTERISTICS OF THE SC150 QUAD 2
INPUT NAND GATE (5400) FROM VENDOR W (Continued)

Specifications Measured Value

Test Pin _ | Standard
Test Number | Parameter Spec. Value Under Test | Mean (X) | Deviation

—

37 v <-1.5V
38 IC
39
40
41
92
43
44

-0.984 0.015
-1.000 0.016
-0. 996 0.016
-0.983 0.015
-0.987 0.016
-0.950 0.013
-0.989 0.017
-0.949 0.013

= O 0oL =

-

45
46
47
48
49
50
51
52 <-55mA

-42.114 1.177
-41.772 1.039
-41.865 1.166
-42.164 1.116
-42.060 1.169
-41.735 1.033
-41.832 1.159
-42,138 1.113

—
WA N W=adbN

[

53 <8,0mA

w

5. 386 0.284

54 <22mA

w

19. 856 0.719




TABLE 8, ELECTRICAL CHARACTERIZATION OF THE SC151 TRIPLE 3
INPUT NAND GATE (5410) FROM VENDOR Z

Specifications Measured Value

Test Pin _ | standard
Test Number | Parameter Spec. Value Under Test | Mean (X) | Deviation

Yon <0.4V 2 0.265 0.012
I 0.262 0.013

VOL <0.4V 0.263 0,012

-
N

\Y% >2.4V 2,751 0.019
2,729 0.020
2,720 0.024
2,745 0.020
2.720 0.023
2,738 0.031
2.760 0.031
2,742 0.034

2.727 0.020

OH

b
NN RN

[

-1,268 0.032
-1.268 0.034
-1.275 0. 023
-1.275 0.021
-1.275 0.022
-1.332 0.037
-1,333 0.036
-1.334 0.039
-1,267 0.034

OO0 =1L -

-

<-1.6 mA

<40pA

-

LWHEWO=100U0kF

0.013 0.004
0.007 0,002
0.006 0.003
0.012 0.004
0,007 0.003
0.009 0.003
0.013 0. 005
0.007 0. 003
0.008 0.002

-

-

0.019 0.007
0.010 0.004
0.010 0.006
0.018 0.008
0.011 0.006
0.013 0.005
0.021 0.009
0.011 0. 005
0,012 0.005

OO 003U =

-

A g, T AT



TABLE 8.

ELECTRICAL CHARACTERIZATION OF THE SC151 TRIPLE 3
INPUT NAND GATE (5410) FROM VENDOR Z (Continued)

Test Number

Specifications

Test
Parameter

Spec. Value

Pin
Under Test

Measured Value

Mean (i)

Standard
Deviation

40
41
42
43
44
45

46

Tos

~18mA to
-55mA

|
=18 mA to
=55 mA

<16. 5mA

<6mA

-31.024
-30,966
-30.331
-31.012
-30.971
-30.333

11.789

0.939
0.836
0.801
0.932
0.832
0.798

0.187




TABLE 9. ELECTRICAL CHARACTERISTICS OF THE SC152 OPERATIONAL

AMPLIFIER (741) FROM VENDOR W

Specifications Measured Value

Test Number

Test
Parameter

Spec. Value

Pin
Under Test

Mean (3(—)

Standard
Deviation

|v

IO|

1o |
AyoL

szing

<5 mv
<200 nA
250 K

2+12 V

4, 5
4, 5
12

12

-1.708
-0.871
110,478
13.503

-12.743

1,568
34.122
17,693

0. 300

0.092

TABLE 10.

ELECTRICAL CHARACTERISTICS OF THE SC153 OPERATIONAL

AMPLIFIER (741) FROM VENDOR Y

Test Number

Specifications

Test
Parameter

Spec. Value

Pin
Under Test

Measured Value

Mean (f)

Standard
Deviation

1

2

|VKJ

|10 |
AyoL

szing

<5 mv
<200 nA
250, 000

>+12 V

18, 19
18, 19
8

8

0. 805
-0.270
122,068
13.488

-12,687

2.131
7.068
7,303
0,047

0,063




TABLE 11. ELECTRICAL CHARACTERISTICS OF THE SC154 OPERATIONAL
AMPLIFIER (741) FROM VENDOR Z

Specifications Measured Value

Test Pin __ | Standard
Test Number | Parameter Spec. Value Under Test | Mean (X) | Deviation

<5 mv 13, 16 1,711 3.239

1 |v

ol

2 |IIO | <200 nA 13, 16 0.065 11.661
At >50, 000 3 127, 022 8,973

szing zx]12 V 3 13.283 1.370

szing 2+]12 V 3 -12.200 3. 754

TABLE 12. ELECTRICAL CHARACTERISTICS OF THE SC155 OPERATIONAL
AMPLIFIER FROM VENDOR X

Specifications Measured Value

Test Pin __ | standard
Test Number | Parameter Spec. Value Under Test | Mean (X) | Deviation

1 V,0 <5 mv 13, 16 -2,055 16.126
2 lIIO | <200 nA 13, 16 29,981 67.258

A 250,000 3 124,311 9,852

VOL

szing 2+12 V 3 12,751 3,789

szing 2+12 V -13.527 3. 891




TABLE 13.

ELECTRICAL CHARACTERISTICS OF THE SC156

VOLTAGE COMPARATOR (710) FROM VENDOR W

Specifications Measured Value

Test Pin __ | standard

Test Number | Parameter Spec. Value Under Test | Mean (X) | Deviation
1 V0] <2 mv 2, 3 0,445 0,928

2 | Ilol <5 pA 2, 3 -0.277 0.902

3 AVOL >1250 7 72,845 70,398

4 VOH 2.5-4.0V 7 2,880 0.146

5 A -1.0 to 7 -0.191 0.240

oL 0.0V

25




Section 2 — Beam Lead Reliability Study
Subsection A — Device Selection and Characterization

3. CHARACTERIZING THE DEVICES ACCORDING TO PHYSICAL PARAMETERS

Physical inspection, including both precise dimensioning and visual examination of
both geometry and topology, was undertaken in order to compare manufacturing
differences and to relate any specific physical characteristic with subsequent failure
data,

In parallel with the electrical test described in the previous topic, a
sample of 90 devices (10 per vendor, per device type) was measured per
MIL-STD-883, Method 2008A. Table 14 details the external physical device
characteristics. The dimensions cited in the table are the average (mean) for
each type. Note thelack of standardization among vendors; within even such a
widely used device as the uA 741 operational amplifier, the number of pins vary
from 10 to 20, and the beam width from 0, 003 to 0. 004 inch.

Photographs were made of the top of each different device type to detail
the differences in metal interconnection schemes from vendor to vendor. These
are shown in Figures 1 through 9 on the pages following.




TABLE 14. DEVICE PHYSICAL DIMENSIONS (IN THOUSANDTH OF INCH)

Device Code/ Vendor Dice Dice Dice Beam Beam | Number
Group/ Type Code |Thickness | Width | Length Thickness | Width | of Beam

SC148/Digital/ w 2.4 64.0 64.7 0.66 3.0 24
5473

SC149/Digital/ 5.3 53.0 63.0 0.60 3.0 16
RF100

SC150/Digital/ 2.1 34,0 | 44.0 0.71 4.0 14
5400

SC151/Digital/ 2.4 32.4 42,2 0.49 3.0 14
5410

SC152/Linear/ 2.3 42.7 52.9 0.33 3.0 18
741

SC153/ Linear/ 2.5 52.8 | 62.7 0.51 3.2 10
741

SC154/Linear/ 2.3 53.4 53.5 0.47 3.0 20
741

§C155/ Linear/ 4,7 55.0 57.0 0.50 4,0 20
RM101

SC156/Linear/ 33.0 33.0 0.63
710
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GROUP — LINEAR
VENDOR - w
TYPE — 741
COMPLEXITY
FACTOR — SIMPLE
NOMINAL

= size — .043" X .053"
Figure 1. Operational Amplifier: Code — SC152

GROUP ~ LINEAR
VENDOR - x
TYPE — RM101
COMPLEXITY
FACTOR SIMPLE
NOMINAL
SIZE — .055" X .057"

9e-vLI6Y

EE-VLIGY

Figure 2. Operational Amplifier: Code — SC155

28




—

PEOS- SRRISERSENC Sa SRR

GROUP o
VENDOR —
TYPE -
COMPLEXITY
FACTOR o
NOMINAL

SIZE o~

LINEAR
Y
741

SIMPLE
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i GROUP — LINEAR
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P SN P VSR SEUTR 3

) e

&
<
~N
k=Y
&
o

GROUP — DIGITAL

VENDOR - x

TYPE — RF 100

COMPLEXITY

FACTOR — COMPLEX

NOMINAL

SIZE — .053 INCHES X .063 INCHES

Figure 8. Dual J-K Flip-Flop: Code — SC149

&
o
2
~N
»
&
~N

GROUP — DIGITAL
VENDOR e S
TYPE — 5410

COMPLEXITY
FACTOR — SIMPLE

NOMINAL — .032 INCHES
SIZE x .042 INCHES

Figure 9. Triple 3 Input NAND Gate: Code — SC151

31




Section 2 — Beam Lead Reliability Study
Subsection A — Device Selection and Characterization

4, VISUALLY DETERMINED DEFECTS AND ANOMALIES

A random sampling of each device type was gelected and visually inspected to deter-
mine the extent and nature of commonly occurring fabrication defects. The defects
and anomalies discovered are listed and illustrated below.

Another sample of 90 devices (10 per vendor/type) were visually inspected
at i00X magnification. The visual defects or anomalies for each device type
are shown in Table 15 below. Photographs were made of several types of
defects and are shown in Figures 10 through 20 on the following pages.

The number entry in the table indicates the defect frequency within
each sample. Note that the most common defect was broken nitride over the
beam.,

TABLE 15. VISUAL DEFECTS OR ANOMALIES

sc148 | SC149 | 8C150 | SC151 Sgl_s_?._l_ 8C153 SC154

Digital Linear

5473 | RF100 | 5400 5410 741 741 741
w X w Y/ lv Y Z

Defccts Inspected For r Defccts Found

Nitride Broken Over Beam jr AL 10

Crack in Nitride (>0.001 inches |
pointing to or in active area
of J-vice)

Holes in Nitride

Bent Beams (1/4 Beam Width;
30° vertical) Broken Beams

Voids in Conductors
Spalling Gold

Shorts Between Adjacent
Conductors

Discolored Gold

Lifted or Separated Metal
Gold Plating Anomalics
Metal <75% of Design Width
Deep Scratches

Exposed Junctions
Misaligned Patterns
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CODE — sc148
GROUP — DIGITAL
e | ; VENDOR - w
B | CODE — SC149 \ TYPE — 5473
&
E | GROUP — DIGITAL DEFECT FUNCTION — DUAL J-K FLIP-FLOP
§ | VENDOR - X MAGNIFICATION — 40X
A TYPE — RF100
b: : ‘ FUNCTION — FLIP-FLOP
1 NIFI = ; e
i MAGNIEICATION: == 200X Figure 11. Broken Nitride
H
i
: 3 Figure 10. Nitride Broken Under Beam
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»
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1
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|
2 CODE — SC155 DEFECT
4 GROUP — LINEAR CODE — SC150
E VENDOR = GROUP — DIGITAL
kS TYPE — RM101 VENDOR - W
E FUNCTION — OPERATIONAL AMPLIFIER TYPE — 5400
¥ MAGNIFICATION — 400X FUNCTION — QUAD 2 INPUT NAND GATE
g MAGNIFICATION — 200X
g Figure 12. Hole in Nitride Figure 13. Crack in Nitride
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Figure 15. Spalling Gold

CODE

GROUP

VENDOR

TYPE

FUNCTION
MAGNIFICATION

SC153

DIGITAL

D

741

OPERATIONAL AMPLIFIER
200X

9G6-vLI6Y

8S-vLI6Y

Figure 17.

Discolored Gold

Sl




——7

i
i
{
|
!

UURENES ST—

DEFECT
CODE — SC156
GROUP — LINEAR
VENDOR -W.
TYPE — 710
FUNCTION — VOLTAGE COMPARATOR

MAGNIFICATION — 3000X

65-vLTI6Y

DEFECT

MAGNIFICATION — 200X

T R s ekt et i 3 et FRPRETI———pe

TR A AN N

Figure 18. Separated Metal
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Section 2 — Beam Lead Reliability Study
Subsection A — Device Selection and Characterization

5. CHARACTERIZING THE BASELINE DEVICE MATERIAL

Cross sections of each device type were photographed and measured on the SEM to
determine details of beam lead construction.

Examination of the cross szction of each device type was undertaken to re-
solve the following four questions:

e Were the vendors following the Bell Labs metallurgy system ?

¢ How did the beam lead structure vary from one manufacturer to another?

e How did each vendor meet his own requirements ?

® What were the variations in device construction that affected reliability ?

A cross-section of a typical beam lead sealed junction device is shown in
Figure 21 which indicates the critical material layers. An actual cross-section
of a device is also shown in Figure 21. This is a composite of SEM photos of
cross-sections of an SC 149 (Dual J-K flip flop). In order to determine how the
devices under study conformed to the typical cross-section, 18 devices (2 per de-
vice type) were analyzed. Here, each device was potted, cross-sectioned photo-
graphed and microprobed on the SEM to determine both the composition and the
thickness of the material layers. These data are presented in Table 16. The
measured material thickness values can be compared to the vendor target values
shown in Table 16. Target values were obtained by verbal communication with
each beam lead device supplier.

Table 17 indicates the orientation of the silicon in the 9 devices. A possi-
ble correlation between channeling failures and crystal orientation was under

scrutiny because this type of failure is reported to be prevalent in devices made
from < 100> oriented silicon.
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TABLE 17. SILICON ORIENTATION OF MATERIAL

Device
Group

Device
Type

Vendor

Si Orientation

Digital
Digital
Digital

Digital

Linear
Linear
Linear
Linear

Linear

5473
RF100
5400
5410
741
741
741
RM101

710

£ X N < = N = X =

<111 >
<100 >
<111 >
<111 >
<111 >
<100 >
<111 >
< 100 >

< 111 >
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Section 2 — Beam Lead Reliability Study
Subsection A — Device Selection and Characterization

g S s X

6. MEASURING THE BEAM'S PHYSICAL CHARACTERISTICS

A sample of 90 devices (2 per vendor, per type, per test) was measured for the
following physical characteristics: beam hardness, beam peel strength, beam shear
strength, lead bend, and lead fatigue. Comparison of the data obtained indicates some
wide variations in the mean values in devices, even from the same vendor.

Of the five tests conducted on the 90 device, beam hardness has a direct
relationship to the bonding of beam leads to the substrate. (The other four tests
were standard hybrid package qualification tests.) All devices were tested to
_ destruction.

] Beam Hardness — The beam hardness of each device type was measured
using a knoop hardness test with a 5-gram load. The knoop hardness number for

| each device type is shown in Table 18. Note the range of mean hardness varies

\ from a low of 38.7 (vendor X) to a high of 63.4 (vendor Z).

3 Beam Peel Strength — The beam peel strength test was done by modifying

| an Engineering Associates Wire Bond Tester so that the shear gage could be

i clamped directly to a given beam of the device. The beam peel angle was

4 90 degrees with relation to the top of the device. Values for each device type are

given in Table 19. Note that vendor W shows a variation in mean from 6.1

i (linear device) to 8.3 (digital device), which means a probable variation between

device processing lines.

Beam Shear Strength — The beam shear strength tests were done on the
same test set up and proccdure as the beam peel tests. Note (from Table 19)
that the mean force ranges from a low of 15.3 to a high of almost 24,

Lead Bend and Lead Fatigue — The lead bend test was performed per
MIL-STD-883, Method 2004, Condition Bl. The combined weight of the clamp and
the affixed weight was two grams and the lead was bent through one cycle. The
lead fatigue test testing, (Method 2004, Condition B2), was performed in a
similar manner except that the leaJ was bent through 3 cycles.

The results of visual examination of the devices after the lead bend and
3 lead fatigue tests are given in Table 20. Note that for Vendor Z, no damage was
obscrved for the lead fatigue tests. This correlates with the high shear strength
data shown in Table 19 for this vendor.

TABLE 18. RESULTS OF BEAM HARDNESS TEST

gy

gl e e

S S A —

Knoop Hardness Number
Device Device Device
‘ Code Group Type Vendor High Low Mean
! SCi148 Digital 5473 w 50.6 37.6 42.0
| SC149 Digital RF100 X 61.5 45.6 52.6
‘: SC150 Digital 5400 W 74.1 49.3 59.9
' SC151 Digital 5410 z 72.3 54.1 62.6
| SC152 Linear 741 w 46.8 33.6 38.8
SC153 Linear 741 Y 69.5 37.5 53.9
SC154 Linear 741 Z 71.7 53.4 63.4
{ SC155 Linear RM101 X 39.5 37.6 38.7
SC156 Linear 710 w 46.8 40.3 46.1

4

o




TABLE 19. RESULTS OF BEAM STRENGTH TESTS

Peel Strength Beam Shear Strength

Device Device (grams) (grams
Group Type Vendor | High | Low | Mean | High | Low | Mean

Digital 5473 10.0 18.0 13.0 15.3
Dlgltal RF100 8.0 20.0 16.0 18.0
Digital 5400 2 19.0 11.0 16.1
Digital 5410 18.5 16.0 17.1
Linear 741 25.0 11.0 17.0
Linear 741 21.5 10.0 17.7
Linear 741 26.0 21.0 23.8
Linear RM101 18.0 15.0 17.0
Linear 710 22.5 16.0 18.3

o
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TABLE 20. RESULTS OF VISUAL EXAMINATION AFTER LEAD
BEND AND LEAD FATIGUE

Lead Fatligue
Visual @ 40X

]
|
|
|
!

Device Lead Bend
Group Visual @ 40X Beam Width Broken

Digital No damage observed 10%
Digital No damage observed 10%
Digital No damage observed 10%
Digital No damage observed | No damage observed
Linear No damage observed 10%
Linear No damage observed 15%
Linear No damage observed | No damage observed
Linear No damage observed 10%
Linear No damage observed 15%

o el i
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Section 2 — Beam Lead Reliability Study
Subsection A — Device Selection and Characterization

7. RESULTS OF THE THERMAL MAPPING ANALYSIS

i
l!
|

e

To pinpolint the nature of heat-related fallures of IC devices, a detailed thermal
analysis of the purchased beam lead devices was undertaken. Temperature gradient
plots were constructed for the various devices to determine the high-temperature
locations for subsequent comparison with observed failurcs.

A

Ideally the layout of an IC should be such that the temperature gradients
across it are uniform, with no "hot spots' occurring. Further, it has been
established that when high localized temperaturcs occur on an IC, those areas
are more prone to fail than cooler areas. In the case of beam lead devices, ther-
mal dissipation has long been recognized as one of the limiting factors in their
use. It is common practice for hybrid manufacturers to inject a thermally con-
ductive polymer into the air gap between device and substrate (bug-up region) to
enhance thermal transfer. At least one manufacturer visited during the course of
the study, in order to get acceptable hybrid operation, had to resort to direct
mounting of a hot running beam lead device (metallization-up) to the substratc and
subsequently ther mocompression bonded fron beam to substratc to make electri-
cal connection pin-to-pin.

Thus recognizing these inherent thcrmal problems with beam lead devices,
thermal maps were made of each device type obtained from each manufacturer.
Here the purpose of collecting infrared thermal data was to detect hot spots on
the surface of the dice and then to correlate these hot spots with failures from the
screen/stress tests, During thermal mapping the Ojs junction-to-substrate ther-
mal resistance measurements were made on each device type for two orientat-
tions, as shown in Figure 22. Figure 223 shows the face-down (metallization
down) orientation, This is the normal beam lead device-to-substrate mounting
configuration, However, in this configuration, the active surface cannot be seen
by the IR microscope. Figure 29b shows the face-up (metallization-up) orienta-
tion. Here the back of the dice is mounted to the substrate with a thermally con-
ductive adhesive. Electrical contact is made to the device by thermo-
compression gold ball bonds between each beam on the device and the appropriate
substrate conductive pad.

Figures 23 through 44 {llustrate the results of the thermal mapping. As
previously stated, in the normal beam lead mounting configuration (Figure 22a),
junction temperatures cannot be made using an IR microscope since the active
metallized surface is hidden from view. Therefore, the temperature of the hottest
spot on the back side of the device was used to calculate 6js. It is apparent from
the uniform temperature profiles that the heat dissipated on the hidden metallized
4 surface is spread significantly by the chip material. In the normal beam lead
) mounting mode, most of the heat is transferred through the beams to the
N substrate, hence very little heat is transferred from the active surface to the
back surface. This is due to the thermal resistance of the chip which is a func-
tion of Its thickness, thermal conductivity and size. Since junctions and other hot
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spots cannot be seen from the back side, the device was bonded upside down (as
in Figure 22b) in order that hot spots on the surface of the device could be viewed.
In this orientation, the primary route for heat dissipation from the device will be
from the device body, through the adhesive, into the substrate, while the
secondary route of heat transfer is through the beams.

Nine types of beam lead devices, both analog (linear) and digital, were
tested. Temperatures were measured on each device by scanning the surface with
an infrared microscope, Sierra Electronics Divistion of Philco-Ford Model 700A.
The infrared microscope measures radiant energy from a 1.3-mil diameter spot.
The surface to be analyzed was first coated with a paint having a high termal
emissivity. The paint used was a water-base black liquid-crystal undercoat VL-
407-K, manufactured by the Vari-light Corporation, Cincinnati, Ohio. The tem-
peratures recorded have a +0,59C tolerance.

Test circult cards were constructed permitting the power to be applied to
the various digital and analog devices. Table 21 is a summary of the infrared
scans conducted. In most instances, the temperature gradient plots were made
for each type of device in both orientations. Note, however, that because of the
special device mounting methods employed during thermal mapping in this study,
the data in Table 21 should not be directly compared to any other 6jg beam lead
device data.

Temperatures were recorded under nominal voltage operating condltions,
but a complete temperature survey of the device was not made if a significant
gradient was not observed; voltage was then increased and a complete scan con-
ducted. An oscilloscope display of the device output was used to verify correct
operation. The thermal resistance, Ojg» cited in the table was from junction to
substrate, and was calculated as follows:

e T(devlce hot spot) -T(substratc hot spot)

Power

= thermal resistance from the hottest spot to the substrate
temperature

The right hand column in the following table indicates which devices were
plotted in detail and their corresponding figure number. All devices tested were
not plotted either due to device failures or due to insignificant temperature
gradients in some nominal power cases. All pictures of the metallization are
shown with the image reversed so that beam -lead connected (metallization down)
devices will appear as seen from this back side. For readers familiar with tho
device layout and the equivalent circuit (component) design, Pin No. 1is
indicated on each figure (reference to Table 4),
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Figure 22. Two Orientations Used in Thermal Mapping Analysis. Metallization down is the
normal orientation for mounting beam lead devices, but this does not present an active sur-
face view for the IR microscope. Mounting with metallization up enabled hot spots on the
device surface to be plotted.
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TABLE 21. SUMMARY OF INFRARED SCANNING OF BEAM
LEAD DEVICES
(1)
. T I ) .
Serial max subst. | Voltage ) — js @) Figure
Device | No, (°C) ©0) (V) (mW) | (°C/W) |Mounting No,
SC148 | - 38.5 |29.5 -~ 5nom | 119 76 up not plotted
1 86 83.5 =X ) 418 77 up 23
- 36 29 + 5 nom 140 50 down not plotted
2 67.5 50 - 8 381 16 down 24
SC149 1 38.5 29 + 5 nom 102 93 up 25
1 72.5 12 + 8 305 100 up 26
- 33 28,5 ~ 5 nom 99 45 down not plotted
- 71.5 52 - 8 389 50 down not plotted
1 36. 5 29 - 5 nom 53 141 up not plotted
SC150 | 1 50 35(3) 105% | 145 up 27
1 69 44,5 - 8.5 181 135 up not plotted
9
1 75 47%) 205 | 110 up 28
2 48 30 -10 212 85 down 29
SC151 - 25 - - 5nom 33 - down not plotted
1 41 28,5 - 9.6 125 100 down 30
SC152 - 31.5 25,5 :%2 nom 75 80 down not plotted
-20
1 410 29.5 -20 124 85 down 31
~15
SC153 = = - -15 hom 63 - up not plotted
1 a4 253 | 220 106 151 | up 32
-15
3 & . -15 hom 72 - down not plotted
~18
2 37.5 28,5 -18 122 74 down 33
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Section 2 — Beam Lead Reliability Study
Subsection A — Device Selection and Characterization

7. RESULTS OF THE THERMAL MAPPING ANALYSIS (Continued)

TABLE 21, SUMMARY OF INFRARED SCANNING OF BEAM
LEAD DEVICES (Coatinued)

1)
Tsubst. Voltage Power ejs

Co) Y) mw) | o)y Mountlng(z)

15
253) [ Ii5nom | 62 146 up 34

- :}g nom 69 - not plotted

27® | 7 85 11 not plotted

+29
51.5 et 46 35

:ig nom 60 ; not plotted

+30
-30

+30
=30

120 36

138 37

122 38
-6
+12
-8
-15

-10
17

27 T gnom | 103 4 42

171 76 39
391 84 40

574 86 41

-8
+15

-12
4 85.5 52.5 +20 469 70 44

49 34 192 78 43

1) eg, is device hot spot-to-substrate thermal resistance. This O;4
should not be compared with other 84 for beam lead devices be-
cause of the special nature of the bonding methods employed
(see Figure 22).

(2) up — mounted with metallization facing upward, and with Ablefilm 517 adhesive, 3 mils
thick

(3) Estimated value
(4) Mounted on plastic microdot,
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Figure 24. Digital Beam Lead Device SC148, S/N 2

Figure 23 shows typical temperature distribution with high power. Failure of diodes in the
vicinity of the 860 region (in upper center) has been observed. Hot spots in Figure 24 gen-
erally cannot be observed due to the heat spreading effect of the thick silicon material.

(Compare with Figure 23.)
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Figure 26. Digital Beam Lead Device SC149, S/N 1

As expected, the power density appears to increase on the right hand side of the device as the
dissipated power increases.
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| Figure 27. Digital Beam Lead Device SC150, S/IN1 Figure 28. Digital Beam Lead Device SC150, S/N1
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J Figure 29. Digital Beam Lead Device SC150, S/N 2
.

The data shown for Figures 27 and 28 demands further analysis. For instance, Figure 28
: shows a hot spot developing (with an increase in power) near leftcenter of device, while
a “cold” spot is developing in upper left area. Figure 29 shows the expected temperature
distribution of a device so mounted.
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TEMPERATURES IN ©

Figure 31. Analog Amplifier Beam Lead Device SC152, S/N 1

This figure shows the expected temperature distribution for these conditions. Note the gradients
in lower corners and the relatively uniform temperature over most of the surface area.
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Figure 32. Analog Amplifier Beam Lead Device.SC153,S/N 1
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TEMPERATURES IN °C

mw
METALLIZATION DOWN

Figure 33. Analog Amplifier Beam Lead Device SC153,S/N 2

As expected, a warm area is indicated over the resistor in the center of the device in Figure 32. In
Figure 33, only 3°C temperature range for the entire device is noted.
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Figure 35. Analog Amplifier Beam Lead Device SC154,S/N 4
The hot spot in Figure 34 may indicate poor termination of resistor in center area. The
device in Figure 35 had failed at lower power and no output waveform was present on the
oscilloscope. Hot spot in upper right may indicate a poor termination to a beam lead. (A
hot spot is also present near the resistor noted on the S/N 3 device shown in Figure 34.)

52




a
¥
B

I stk o DS

vt ot rn e Y

E2S

T = g el S i i S WO ¢ e B i Ok
2

vi-vLIEY

Sl-vL16P

Figure 37. Analog Amplifier Beam Lead Device SC155, S/N 2

In Fiure 36, only a 40°C gradient noted. Figure 37 is another instance of data needing
furtiter analysis. Comparing Figure 37 (S/N 2) with Figure 36 (S/N 2), it is noted that
both devices were mounted in the same manner and under similar voltage conditions. Both
devices have a 49C gradient but S/N 2 indicates more heat concentrated near the output
transistor in the upper right, and draws more power.
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Figure 38. Analog Beam Lead Device SC156, S/N 1.
(This device was mounted on a plastic microdot.)
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Figure 40. Analog Beam Lead Device SC156,S/N 2 Figure 41. Analog Beam Lead Device SC156, S/N 2
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High temperature is noted in Figure 38 with relatively low power due to poor heat sinking to
the substrate. (Heat sinks apparent on the device indicate spot contact with the plastic micro-
dot under the device). In data for S/N 2, note developing hot spots in lower right.
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]
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Figure 42. Analog Beam Lead Device SC156, S/N 4 Figure 43. Analog Beam Lead Device SC156, S/N 4

2T-rLI6Y

TEMPERATURES IN °C
192 mwW
METALLIZATION DOWN

Figure 44. Analog Beam Lead Device SC156, S/N 4

Note increasing gradients due to increased power. Figure 42 shows that a plot can be
constructed even though only 2°C gradient occurs.
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Section 2 — Beam Lead Reliability Study
Subsection B — Fabrication and Test Methodology

1. HERMETIC AND NONHERMETIC DEVICE FABRICATION

Hermetically packaged devices were subgrouped into those sealed with high purity
nitrogen, moisture, and salt atmosphere, while nonhermetically packaged devices
were subgrouped using either conformal coatings or molded packages.

The beam lead devices purchased for the study were packaged by Hughes in
two groups: hermetic and nonhermetic. The fabrication variations for both
groups is described below.

Hermetic Fabrication — The hermetic module consists of an alumina sub-
strate with a thick film gold conductor pattern mounted to a TO-8 header, to
which the beam lead device was then wobble bonded. Finally, as shown in the left
of Figure 45, the cap was welded to the TO-8 header. The final construction is
shown in Figure 46A.

The hermetic group was divided into three subgroups. During the cap
welding operation, one of three atmospheres was sealed into the packages as
follows:

1. Dry nitrogen — This is the normal atmosphere in which semicon-

ductor devices and hybrid circuits are sealed.

2. Delonized water — (1 microliter) Water was included to determine
the effect of moisture on the beam lead devices.

3. Saline solution - (1 microliter, 1% normal solution). This solution
was used both to test device hermeticity and to provide a sodium ion
penetration test.

The deionized water and the saline solution were metered into the TO-8 cap with
a hypodermic syringe immediately before cap welding each device.

After cap welding, each module was glven both a fine and gross leak test.
All modules had leak rates less than 1 x 10-7 atm-cc/second.

Nonhermetic Fabrication — The process for a nonhermetic device also
started with a thick film substrate, but pins were then soldered to the substrate
to make the header. The beam lead device was then wobble bonded to the sub-
strate as before. One set of nonhermetic assemblies was conformally coated,
while the other set was molded. The package construction is also shown in Fig-
ures 45 and 46B.

The devices in the nonhermetic group were subdivided as follows:

e Conformal Coat

a, 3M Scotchcast 281 A & B Electrical Resin,

b. Dow Corning 62-047 Junction Coating Resin.

Molded

a. Hysol C-59 Encapsulating System (with mold release).

b. Hysol C-59 Encapsulating System (without mold release).
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Figure 45. Exploded View of Package Construction. The hermetic devices were cap welded,
while one of the non-hermetic devices was conformally coated and the other group molded.
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Figure 46A. Hermetic Beam Lead Module  Figure 46B. Conformally Coated and Molded
Package without Cap Non-Hermetic Beam Lead Module Packages




Section 2 — Beam Lead Reliability Study
Subsection B — Fabrication and Test Methodology

2, SCREENING AND STRESS TESTING METHODS EMPLOYED

A comprehensive screening and step stress test was performed on 3456 of the device
samples in three lots (1152 per lot) according to the sequence prescribed in the test
matrix. This approach provided the maximum number of conditions to accurately
define design deficiencies and associated failure mechanisms.

I S

o

At the beginning of the program, a major cause for concern was the
ability of various screens and stress tests to induce failures in the beam lead
sealed junction devices,

For example, assuming available bcam lead reliability data, which
indicated failure rates of 0.005%/1000 hours, is correct, extrapolation indicated
that acceleration factors must be 106 times in order to ensure at least
8 failures out of the chosen cell size at 16 samples per cell.

However, it was determined that by using the stress tests scheme shown in
Figure 47, an adequate number of failures would be provided for analysis. As it
turned out, this concern was unwarranted because the failures generated from the
screen/stress tests proved to be far in excess of those anticipated from predic-
tions based on available beam lead reliability data.

As shown, the devices were split into 3 lots. The sequence of stress tests
was different for each of the three lots. This was done to determine whether
device fallure rate was sensitive to the sequence in which the devices were
stressed,

The actual stress test conditions are shown in Figure 48. Note that before
device assembly, all devices were 100% visually inspected to determine any
visual anomalies which might later result in device failures. After assembly,
all devices were 100% electrically tested to the following parameters:

® Analog Devices ~ (a) gain

(b) bandwidth
(c) linearity
(d) off-set.
e Digital Devices ~ (a) input transistor levels
(b) high and low output levels.

After devices from the screens or stress tests were automatically tested,
the failed units were again tested on ""bench set-ups' to confirm the failures.
Rejects not confirmed were returned to the screen/stress tests sequence. The
bench test was a go/no-go test and essentially only catastrophic failures were
eliminated from further screening/stress testing.
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VISUAL EXAMINATION

ELECTRICAL TEST

!

SEQUENCE
LOTS

S1-2Z16Y

HI-TEMP STORAGE HI-TEMP STORAGE HI-TEMP STORAGE
TEMPERATURE CYCLE THERMAL SHOCK TEMPERATURE CYCLE
THERMAL SHOCK TEMPERATURE CYCLE THERMAL SHOCK

HI-TEMP REVERSE BIAS LIFE HI-TEMP REVERSE BIAS LIFE HI-TEMP REVERSE BIAS LIFE
BIASED MOISTURE LIFE BIASED MOISTURE LIFE BIASED MOISTURE LIFE
BOILING WATER SALT ATMOSPHERE SALT ATMOSPHERE

SALT ATMOSPHERE BOILING WATER BOILING WATER

Figure 47. Stress Test Sequence

PARTS IDENTIFIED INITIAL
s == AND SERIALIZED el ELECTRICAL
13.458 PIECES) TESTS

91-ZZ16Y

. y

SCAREENIND/STRESS SEDUENCE NO. 1 SCREENINO/STRESS SEQUENCE NO. 2 SCAREENING/STRESS SEOUENCE NO. D
11152 PIECES) 11152 MECES! 11152 MIECES)

HIOH TEMPEAA TURE STORADE (NON-OPERATING) | HIOH TEMPERATURE STORAGE INON OPERATING) | MIGH umauuu STORAGE INON OPERATING)
175°C. 168 MRS 1759C, 168 MRS 175%C, 1
[END POINT ELECTRICAL TESTS] [END POINT ELECTRICAL TESTS| l!NO’OlNY ELECTRICAL TESTSI

TEMPERATURE CYCLING TEMPERATURE CYCLING THERMAL SHOCK

489C TV +2008C. 30 CYCLES PEA METHOO 1010, 485C TD +200°C. 30 CYCLES PER METHOD 1010, 455C TD +1850°C. 13 CYCLES PEA METHOD 1011,
CONOITION C. ML §TD 883 CONDITION C. MILSTD 883 CONDITION C. MiL STD 883

|END POINT ELECTRICAL TESTS] |ENO POINT ELECTRICAL TESTS| |END POINT ELECTRICAL TESTS)

THEAMAL SHOCK THERMAL SHOCK TEMPERATURE CYCLING

$5°C TO +150°C, 15 CYCLES PER METHOD 1011, A5°C TO +150°C, 15 CYCLE® PER METHOD 1011, £59C TO +200°C. 30 CYCLES PER ME THOD 1010,
CONODITION C. MIL STD 683 CONDITION C. MIL STO 883 CONDITION C. MiL STD 883

| ENO POINT ELECTRICAL TESTS| {END POINT ELECTRICAL TESTS| JEND POINT ELECIRICAL TESTS)

O T e

PER METHOD 1008, PER METHOD 1 PEA METHOD 1008,
CONDITION A MIL STD 883 CONDITION A, muvom CONDITION A MIL $TD 883
(168 MR ELECTRICAL TESTS! (168 HA ELECTRICAL TESTS) {168 HA ELECTRICAL TESTS|
{1000 HR ELECTAICAL TESTS) {1000 HA ELECTRICAL TESTSI {1000 MR ELECTRICAL TESTS)

BIASED MOISTURE B55C. 05% AEL HUMIDITY BIASED MOISTURE 08°C, 5% AEL HUMIDITY SIASED MOISTURE B59C. 88% REL HUMIDITY
1000 HRS 1000 HAS 1000 HRS

{168 MR ELECTRICAL TESTS! {168 MR ELECTRICAL TESTS) {168 HA ELECTRICA’. TESTS|

{1000 WR ELECTRICAL TESTS) {1000 MR ELECTRICAL TESTS! {1000 MR ELECTRICAL TESTS

SOILING H SALY ATMOSPHERE PER METHOD 1009, SALT ATMOSPHERE PER ME THOD 1009,
100°C BATH IMMERSION CONDITION B, MIL STD 883 CONOITION B, MIL $TO 883

& HAS 40 HAS 40 MRS

{END-POINT ELECTAICAL TESTS! {END-POINT ELECTRICAL TESTS) JEND POINT ELECTRICAL TESTSI

SALT ATMOSPHERE PER METHDD 1000, BOILIND M BOILING

CONDITION 8. MIL STD 389 100°C BA TH 1MMERSION 100°C BATH IMMERSION

48 HOURS 8 HOUNRS 6 HOURS
{ENOPOINT ELECTAICAL TESTS) [END POINT ELECTRICAL TESTS! [END POINT FLECTAICAL TESTSI

y

- -

' HIGH TEMP, REVERSE BIAS LIFE 150°C. 1000 HAS HIOW TEMP, I!V!H! SIAS LIFE 150°, 1000 HAS HIOH TEMP REVERSE BIAS LIFE 150°C, 1000 HRS

COMPLETED
PARTS

Figure 48. Detailed Stress Conditions Used in Screening Three Lots. This sequence was chosen
to provide hlghcst device fall-out in an optimum manner. Note that the first 3 screens are
“lot” type static tests while the next two tests are dynamic tests done on each device. The
last three tests were aimed at determining the “moisture coating” integrity of the devices. Sub-
sequent evaluation showed that changing the test sequence had no significant different in
impact on test results. 59




Section 2 — Beam Lead Reliability Study
Subsection B — Fabrication and Test Methodology

3. ELECTRICAL TESTING METHODS

A four-level electrical test process was used to test each device, to locate failures,
to delete the failed devices, and to recycle for more tests., The final step in the
process was the identification of the defective element within the integrated circuit.

During device characterization all major parameters of the devices were
measured and recorded as the first step in electriecal testing. )
Next, as shown in Figure 49, selected electrical parameters were
measured on all devices at the points listed in the previous topic on screen tests,

namely:

1. At first electrical test (after module fabrication)

2. After age bake

3. After temperature cycle

4, After thermal shock

5. After 168 hours of high temperature reverse bias

6. After 1000 hours of high temperature reverse bias

7. After 168 hours of biased moisture life

8. After 1000 hours of biased moisture life

9. After boiling water immersion test

10. After salt atmospnere test
After each screen/stress test, all of the linear devices were tested on a
Falrchild 335 Linear Tester for:

e Gain (AQL)

e Output voltage swings (Voy and Vo)

¢ Input off-set voltage (Vo)

¢ Input off-set current (Ij)

Similarly, the digital devices were tested on a Fairchild 4000M Tester for:

e Input transistor levels (I11, and Iy)

e Voltage output levels (Voy and Vo)

e Supply eurrent (IcC)

If a device failed the tests above, the failures were confirmec on a bench test
set-up. The test eirecuits, test eonditions, and failure eriteria for each of
the four basie device types are described in the following pages.

Next, pin-to-pin failure analysis was done on each device routed from the
bench tests. In the analysis and determination of the probable fatlures, each
device was first checked on a go-no go basis. When a deviee failure was verified,
all pertinent beam lead pins were checked for DC level and recorded. Checks for
shorts between pins was performed and any abnormal conditions that might
indicate the cause of failure noted.

Finally, from the data recorded and analysis of the circuit schematic,
the defective elements within the integrated circult were determined.
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Figure 49. Procedure for Electrical Testing. Note that each failure was confirraed by retesting
on a bench test setup. Pin-to-pin electrical failure analysis was done on all confirmed failures
to determine the next step in the procedure (x-ray, IR scan, or de-encapsulation).




Section 2 — Beam Lead Reliability Study
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‘.

| 3. ELECTRICAL TESTING METHODS (Continued)

Electrical Bench Tests for Failure Verification of Linear Devices — The
first category of Linear Devices are operaiional amplifiers, 741, RM 101 (SC 152
153, 154, 155). The test circuit for these devices is shown in Figure 50.

e Test Condition: With this circuit the output signal should be two times

’

5 the amplitude of the input signal, should be inverted, linear, and
bipolar about 0 volts DC,

. e Failure Criteria: If the output was noisy, latched to one of the power

i supplies, not responsive to input drive signals, or oscillations were

present, the unit was considered to be a failure.

The next category of linear devices is the Comparator, 710 (SC156). The

test circuit for this device is the same as above (Figure 50).

e Test Condition: The output signal should be a positive going, half wave
signal, that should clip when it reaches a 5 volt amplitude. Examples
of the wave forms are shown in Figure 51.

e Failure Criteria: If the comparator output did not produce these
waveforms, or was latched in some mode, the device was considered
to be a failure,
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Figure 50. Bench Test Circuit for Confirming Linear Device Failures
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Figure 51. Waveforms for Linear Comparator Circuit




Section 2 — Beam Lead Reliability Study
Subsection B — Fabrication and Test Methodology

3. ELECTRICAL TESTING METHODS (Continued)

Electrical Bench Tests for Failure Verification of Digital Devices — The
first category of digital devices are the Dual J-K flip-flops, 5473, RF 10¢
(SC 148, 149). The test circuit for these devices is shown in Figure 52.

e Test Condition: With all switches open, the Q and Q output signal should
be one half the frequency of the clock input signal, inverted from each
other, and greater than 2.4 volts amplitude in the logic high state.
When J switch is closed (all others open), the Q output should remain
logic 0. With the K switch closed (all others open), the Q output should
go to logic 1. If Q output is logic 1 and the clear switch is closed
the Q output should change ‘o the 0 state.

e Fallure Criteria: If the device did not exhibit any one of the above
conditions, it was considered a failure.

The next category of digital devices was the logic gates, 5400 and 5410

(SC 150 and 151). The test circuit and test conditions are shown in Figure 53.

e Failure Criteria: The switches were used to exercise the inputs to a

logic 1 or 0 condition. If any device failed to meet the above equations

or a minimum of 2,4 volts in the logic 1 state the device was
considered bad.
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Figure 52. Bench Test Circuit for Confirming Digital Flip-Flop Failures
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Figure 53. Bench Test Circuit and Conditions for Comfirming Logic Gate Failures
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Section 2 — Beam Lead Reliability Study
Subsection B — Fabrication and Test Methodology

4, FAILURE ANALYSIS METHODS

High magnification color photographs, X-ray analysis, and scanning electron micro-
scope (SEM) pictures were taken or failed devices after stress testing to pinpoint
fatled areas for defective elements.

Prior to module fabrication, all devices were 100% visually inspected.
Visual anomalies were noted as potential future failures but no devices were
rejected at this point. After module fabrication, each module was visually
inspected and electrically tested. At this point, any assembly rejects were
removed from the test. The good devices were forwarded to the screen and
stress test sequences, and the bad devices were routed to failure analysis. As
reject devices were received they were analyzed according to the route shown in
Figure 54. Only devices classified as catastrophic failures were eliminated at
each screen/stress test interval. Because of the high number of failures at first
electrical test it was decided to liberalize the device acceptance criteria to ensure
that some devices would survive all seven screen/stress tests. Thus, functioning
devices, even though out of spec, were continued through the tests until they
became catastrophic failures.

All fatlures were verified on a bench test set-up. (Details of the elec-
trical faflure verification are given in the preceding topic, "Electrical Test
Methods"'. )

Pin-to-pin analysis was done on all failures. Then failures were opened
(delidded or unencapsulated’. The results of pin-to-pin analysis dictated the
route for successive failu'e analysis.

The prime tools for failure analysis were the Metallograph (Bausch &
Lomb — BALPHOT) where high power color microscopy was done, and the
scanning electron microscope (Japan Electron Optical Laboratory, JSMU3
Analyzer.) Photographs to 10, 000X magnification were made on the SEM to detail
failed areas of the devices. As appropriate, devices were potted, cross-sectioned,
etched and photographed to highlight device junctions or various metal to metal
or metal to silicon interfaces.

X-ray analysis was done as indicated by the device failure to determine
either the presence of foreign elements or to provide a spectrogram of the ele-
ment distribution within a specific area of the device under analysis.

Those devices in which channeling was suspected as the mode of failure
were analyzed through the route shown below.

FAILURE ANALYSIS ROUTE FOR SUSPECTED CHANNELING REJECTS

1. Failures from high-temperature reverse bias test sent to bench
test verification (100%)

2. Pin-to-pin electrical analysis of failures

3. Age bake: 24 hours at 150°C

4, Bench test

5. Age Bake: 30 hours at 150°C

6. Bench test

7. High-temperature reverse bias test: 168 hours

8. Bench test

9. Data Accumulation
Data Analysis
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Figure 54. Primary Device Failure Analysis Route. The primary tools for failure analysis
were the metallograph and the scanning electron microscope.
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Section 2 — Beam Lead Reliability Study
Subsection B — Fabrication and Test Methodology

5. PROCEDURE USED TO ANALYZE THE DATA

The main objectives of the data analysis procedure were to determine the impact of
packaging on reliability, and to analyze the variability between manufacturers. The
analytical approach taken was to determine the variability between manufacturers and

packaging types with respect to device reliability and to characterize the devices
mechanically and electrically.

From the different beam lead device tests’ (as described in the previous
topics), two basic forms of data were obtained for analysis. The first, variables
data (e.g., physical and electrical parameters), were used for device charac-
terization. The second, attributes data (all failure data was of an attributes
nature, where only the failure or success of the part was recorded<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>